In this paper we report on the spectrum and frequency of lesions observed in a prospective study of naturally occurring infections with Streptococcus suis type 9 (SS-9) in weaned pigs. SS-9 produced arthritis, meningitis, interstitial pneumonia, and endocarditis in 100%, 91%, 73%, and 42%, respectively, of pigs dying from the disease. The lesions were similar to those caused by S. suis type 2 (SS-2), however, SS-9 produced a different frequency of lesions. In SS-2 infections, bronchopneumonia is the most commonly observed lesion; meningitis, arthritis, and endocarditis are less frequently observed. Thus, SS-9 produced a different distribution of lesions from that reported for SS-2. Possible explanations for the differences found are discussed.
All pigs were from a minimal disease (caesarian-sectionderived Landrace crossbred parent stock) farrow-to-finish herd of 200 sows, known to be free of Mycoplasma hyopneumoniae infection but with an approximate mortality of 6% of weanlings as a result of SS-9 infection. The majority of postweaning deaths were examined. In 33 pigs, SS-9 was isolated in greater numbers than any other pathogen from at least 1 organ other than joint. These isolations were considered to be systemic cases of SS-9 infection and are reported here. Pigs ranged in age from 32 days to 4 mo. Three of the 4 pigs that were submitted moribund were euthanized by intravenous barbiturate injection and 1 was euthanized by halothane inhalation. Two pigs were fixed postmortem by perfusion with 4% paraformaldehyde and an equal volume of 0.85% sodium chloride.
Brain, spinal cord, abdominal and thoracic viscera, skin from the ear, and coxofemoral, femorotibial, tarsal, scapulohumeral, humeroradial, carpal, and atlanto-occipital joints were examined grossly. Portions of brain, choroid plexus, spinal cord (vertebral segments C1-4, T5-10, and L3-7), myocardium and heart valves, lungs, liver, kidneys, spleen, duodenum, jejunum, ileum, pancreas, skin from the ear, and synovium from 1 humeroradial and 1 tarsal joint were examined histologically. Portions of accessory lung lobe, frontal cerebral cortex, and palatine tonsil were cultured. Additional tissues were sometimes taken for culture or histology.
Intestinal samples, pancreas, and eyes were fixed in Bouin's fixative for 24-48 hr, rinsed in 70% ethanol for at least 6 hr, and transferred to 10% phosphate-buffered formalin for pro-cessing. All other tissues were placed in 10% phosphatebuffered formalin at least 24 hr before processing for hematoxylin and eosin (HE)-stained slides.
Brain, lung, tonsil, and when sampled, joint samples, heart, and spleen were cultured on sheep's blood agar (SBA) and MacConkey agar for 48 hr at 37 C under aerobic conditions. Brain and joint samples were also cultured on SBA with 5% CO 2 . All aerobic cultures on SBA having -hemolysis after 48 hr were biochemically tested for the following: growth in 6.5% NaCl; acetoin production (Voges-Proskauer reaction); ability to produce acid in inulin, lactose, salicin, sucrose, trehalose, mannitol, and Sorbitol; and decarboxylation of arginine. The reference strain a fails to grow in the presence of 6.5% NaCl, produces acetoin, and does not utilize mannitol or Sorbitol. Isolates were accepted as S. suis if they differed from the reference strain by not more than 1 sugar. All isolates identified as S. suis were tested by slide agglutination with antisera to types 9 and 2 raised in rabbits and absorbed against the heterologous types 1-9. 8,9
Results
The frequency of lesions found in pigs with infection due to SS-9 is listed in Table 1 . Except for mild to moderate ulceration of the gastric pars esophagea, lesions other than those listed in the table were not observed.
The meningeal hemorrhage described was focal, was 0.5-1.0 cm in diameter, and involved the cerebellar meninges. Cranial meningitis was most severe over the cerebellum and was often fibrinopurulent (85% of cases) ( Fig. 1) . Encephalitis involved the outer molecular layer of the gray matter and was associated with severe meningitis (Figs. 2, 3). Spinal meningitis was similar. Choroid plexitis, ventriculitis, and optic perineuritis ( Fig. 4) were usually suppurative. Five cases of moderate to severe meningitis occurred without choroid plexitis. Only 2 pigs had no grossly obvious cause of death; both had histologic indications of meningitis.
Endocarditis varied from small or microscopic foci of necrosis with a few necrotic neutrophils ( Fig. 5 ) to large verrucose friable yellowish masses that obscured the valves ( Fig. 6 ) and occasionally extended on to the adjacent mural endocardium. Embolic myocarditis was often concurrent. Six animals with endocarditis (5 mild) also had suppurative cranial meningitis visible grossly.
When pulmonary edema was noted grossly, mild to moderate acute interstitial pneumonia was usually present on histologic examination (Fig. 7) . One pig had bronchopneumonia due to aspiration.
Arthritic joints were often not distended grossly. Synovial fluid varied from watery and fibrin flecked to scant, sticky, and turbid. Fibrin clots were common (Fig. 8 ). Histologic examination revealed fibrinopurulent exudate in the joint space and edematous subsynovial tissues. Plasma cells and lymphocytes were present in subacute to chronic cases (24%). Frequency of histologically observed arthritis of the elbow was significantly lower (P = 0.04) than arthritis of the hock.
In the spleen, there were areas of red pulp necrosis surrounding splenic follicles. The necrotic foci were in turn often surrounded by neutrophils. In both atrophic (Table 1) and normal thymic tissues, multinucleate cells were observed. Electron microscopic examination revealed that these multinucleate cells were distinct from thymic (Hassal's) corpuscles, based on the absence of desmosomes.
Disseminated intravascular coagulopathy (DIC) was diagnosed when fibrin thrombi were present in small vessels in lung, renal glomeruli, or dermal vessels. Ad- renal inflammation was focal or multifocal and in 3 pigs was associated with endocarditis of the aortic or mitral valve. In 2 other pigs, there was diffuse sequestration of neutrophils in sinusoids, without endocarditis. The term "other embolic lesions" included embolism to pancreas (1), thyroid (3), thymus (1), and epididymis (1). Caseous debris and/or bacterial emboli were also occasionally randomly observed in the brain, spinal cord, and meninges. 
Discussion
Arthritis was the most common lesion observed with SS-9 infection. At least 1 joint in every pig had inflammation when both gross and histologic findings were considered. Arthritis in many cases of SS-9 infection did not cause obvious joint distension; however, provided the hock joints were opened, 75% of arthritic hocks were recognized grossly. This result is markedly different from the frequencies reported in the literature for SS-2-induced arthritis. 2, 15, 22, 24, 28 Arthritis was not reported in 1 study based solely on gross diagnosis. 24 Other authors have reported values of 1% 22 and 6%, 2, 28 indicating that SS-2-induced arthritis is infrequently diagnosed in the natural disease. The discrepancy in frequency of arthritis between our SS-9 and natural SS-2 infections is too great to dismiss as merely due to procedural variations. The fibrinopurulent arthritis in SS-9 infections is, however, qualitatively similar to that described for SS-2. 22, 24 Experimentally, arthritis is common 3, 18 Meningitis was the second most common major lesion found in these SS-9 infections and was qualitatively similar to that reported previously in SS-2 infection. 22, 24 Finding pigs with moderate to severe suppurative meningitis without choroid plexitis is surprising because the current view is that the meningitis originates in the choroid plexus. 31 These pigs were also free of endocarditis, eliminating embolism from heart valves as a route of infection. Three pigs with nonsuppurative subacute meningoencephalomyelitis similar to those described as having "unusual" lesions 21 were also found. As in that report, the pigs had been treated for 3-10 days with antibiotics. Suppurative spi-boli, they are not surprising sequelae to endocarditis. nal meningitis was a common finding, consistently as-Pituitary inflammation was considered an extension sociated with cranial meningitis. of meningitis. The third most common manifestation of these SS-9 infections was pneumonia (usually interstitial). In S. suis-infected pigs that are free of mycoplasmosis, the mechanism most likely to result in an interstitial pneumonia is septicemia-induced vascular damage. Acute respiratory distress syndrome is known to occur in septicemias caused by streptococci. 6 Chronic endocarditis can produce repeated showering of emboli, which produces a diffuse interstitial pattern of pneumonia in some animals. 6 Pneumonia is the lesion from which SS-2 is isolated most frequently. 13, 22, 24, 28 Various patterns have been reported, 24, 27, 29 but bronchopneumonia is most common . 13, 22, 24 In specific-pathogen-free pigs, experimental SS-2 infection also causes interstitial pneumonia. 27, 29 Further work is needed to determine the role of S. suis in pneumonias and whether different types cause significantly different patterns of pulmonary inflammation. Different S. suis types produce different distributions of lesions in infected pigs; because capsular polysaccharide antigens are used to determine type, the capsular antigens may help confer different tissue tropisms.
Although much of the literature on SS-2 involves retrospective studies with conventional herds, this work does demonstrate that SS-9 produces a different distribution of lesions, or tissue tropism, from that of SS-2. Pneumonia is the most common manifestation of SS-2, with meningitis a distinct second. Endocarditis and arthritis are sporadic. In contrast, arthritis was the most common lesion in SS-9 infection, with meningitis a close second, followed by interstitial pneumonia, then endocarditis. However, at 42% prevalence, endocarditis cannot be considered a sporadic lesion. Endocarditis was less frequent than arthritis, meningitis, or pneumonia. The character of the lesion and distribution of valves affected was similar for SS-9 in this study, SS-2, 20, 22 and other types of streptococcal infections. 14, 16 In pigs with concurrent endocarditis and meningitis, there were several small and microscopic lesions similar to early (18-48-hour) lesions of experimental group L streptococcal infection. 14, 17 Various other lesions were noted in this SS-9 study. Optic perineuritis has been previously reported in infection with SS-2. 18, 21 Eyes from only 12 pigs were examined in our study, thus the actual frequency of this lesion may not be accurately represented. All cases were associated with meningitis and were assumed to be due to extension along the nerves. The meningeal hemorrhage described herein has not been previously reported. Although the hemorrhage may be considered agonal, it is not often seen in cases of SS-2 meningitis in this laboratory, hence presence of the hemorrhage postmortem could be suggestive of SS-9 infection. The quantity of blood present is probably insufficient to have clinical significance. This project was financed by the Departments of Veterinary Pathology and Veterinary Microbiology at the Western College of Veterinary Medicine. We are also grateful to Ann Crichlow of Special Bacteriology and Lois Byers and Margaret Schwab of Diagnostic Bacteriology for technical assistance, Ed Bueckert and his staff for preparing histologic slides, Dwight Welch and Ian Shirley for advice concerning computer operation, and Barb McCoy for photographic assistance.
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